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ABSTRACT j 

A canonical technique is explored that permits 
assessment to which origin positions determine destination positions 
within occupational structures. This procedure requires expressing 
the occupational positions as binary variables^ then obtaining 
canonical correlations among the sets of binary variables. The 
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mean square of these canonical correlations. An application of the 
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development is provided. (Author) 
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ABSTRACT 

A canonical technique is explored that permits assessment to which 
origin positions determine destination positions within occupational 
structures. This procedure requires expressing the occupiational positions 
as binary variables, then obtaining- canonical correlations among the sets 
of binary variables. The association between origin and destination 
positions is tdtk m as the mean square of these canonical correlations. 
An application of the technique to intra-generationaJ. mobility during 
regional economic devj'elopiTfsrnt is provided , , 



A CANONICAL APPROACH TO 
ASSESSING OCCUPATIONAL MOBILITY MATRICES 



Background 

The anaJLysis of occupational mobility is a recurrent topic for 
sociological investigation. Most studies of mobility have concentrated on 
assessing the amount of movement between different positions within the 
occupational structure over a discrete period of time (cf. Glassy 195^; 
Rogoff, 1953; Lipset and BendiXj, 1959; Blumen, et al. , 1955)- Often this 
assjessment is made by comparing the observed mobility rates between 
social origins and destinations against those expected if tlie destination 
positions were independent of the origins. In other words, the actual 
rate of mobility is compared to the rate anticipated if the origin positions 
had no systematic effects on determining the destinations (Bartholomew, • 
1967) i Departures away from independence are then interpreted as the 
effects of "inheritance". There seems to have "been a tendency to equate 
the effects of inl]teriiance with the lack of mobility between origin and 
destination positions (cf.. Eogoff, 1953). Occupational systems which 
demonstrate considerable mobility are then held to manifest minimal 
inheritance, and be relatively open. . 

The position taken here is that it may be more reasonable, or at 
least as conceptually viable, to view inheritance as the degree to which 
an origin position determines the destination position. This may^ or 
may not, imply a lack of mobility. . The distinction we wish to make 
here closely parallels the difference in focus between classical mobility 
research and investigations of the status attainment process (Carter 
and Carter, 1971). An illustration adapted from Klatzky and Hodge (l97l) 



will make -the point clear. Consider a society in which every "blue collar-' 

worker became, automatically through some unknown process, "white collar" 

oyer a discrete interval of time, and every "white collar" worker becam:e 

"blue collar". Such a social system would be characterized as being 

highly mobile, yet in this hj-pothetical case, the mobility is perfectly 

determined and predictable from knowing the worker's position in the 

occupational structure prior to the period of transition. It is en- 

■ 

tlrely possible to conceive of an occupational structure in which there 
is complete mot^fllty, yet there is absolute inheritance in the sense that 
every move is completely determined by the origin position. TiThile the 
amount of mobility and the lack of inheritance are related, they are 
not synonymous, . , 

An intuitively appealing approach to assessing the amount of 
inheritance in an occupational structure would be to correlate the origin 
with destination position. If the correlation is unity, then it may 
be inferred that there is complete determination between origins and 
destinations, in the sense that there is no uncertainity of destination, 
if the origin is known. This strategy is often implemented by mapping 
the origin and destination occupational positions into a conceptually 
continuous variable such as the North-Hatt occupational ratings, or 
Dunc^an's socio-economic index. This approach may be justified in many 
circumstances, but it does demand that assumptions concerning the nature 
of the phenomenon, as well as its metric, be built into the analysis. * 
Specif ica^ly.i the adoption of such a strategy requires that we recast 
the mobility problem from investigating the movement of manpower in the 
occupational structure to mobility within a status hierarchy ^ Although 
the work bf'iaartziqr and Hodge^-U^ 



the original treatise of Duncan (196I) , demonstrate a close correspon- 
dence between occupational membership and socioeconomic ranking, it 
remains that this relationship is not exact, and conceptually the two 
dimensions are not completely interchangeable. It is possible, for 
ejtample, to change occupations without altering the worker *s socio- 
economic status, and for many sociological pro^blems, the movement of 

labor among occupations may be more interesting than changes in worker's 

■ 

status. ' 

In this paper we will suggest a procedure by which it is possible 
to deitermine the degree of inheritance in an occupational structure 
without _resorting to translating the origin and destination positions 
into prestige or status scale scores, therefore avoiding becoming 
encumbered with perhaps mwanted, and possibly imwai-ranted, conceptual 
as well as mathematical assumptions. 

Development of the Model 

The. most common. means by which to assess the amount of mobility 
within a given area is the use of the transition. matrix. The matrix 
fully describes the amount of mobility that takes place within the 
transition interval, and it represents the process by which the dis- 
tribution of the labor force is created in one time period as a function 
of the distribution of labor in the previous time. The transition 
matrix, then, summarizes much information- concerning the ^amounts and 

patterns of mobility during a particular time interval. 

t t 
Let 0 be a vector of k proportions who^e tyB^^cal-element {Oj} is ■ 

th 

t^ie proportion of the labor force in the J, occupational group , at time t_. 
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By definition 

^ t 

so; =1 (1) 

these" elements sum to unity Similari3y, let 0*""'" be a vector of k 

proportions whose typical element {O**""''} is the proportion of the lahor 

th . . ' 

force in the i^ occupational group at some earlier point in time:, t-l > 

Again, 

^ t-i 

E 0*-^ = 1. . (2) 
i=l ^ 

Vectors- O*'"'' and 0* are related by a square k x k transition matrix,. M: 

0* =M . 0*"^. (3) 
Th^ typical element of this matrix {M. .} is a trensition probability, or 
outflow coefficient, and it is interpreted as the conditional probability 
that a^worker is in occupational group J_ at time jt given that the worker 
was in occupational group i^ eit the earlier tifae^ t-1 ;- 

■ M,; = Pr{0*|of^}. ' (If) 

. » ij J 1 

From this definition it . follows that the elements in the i. row .of the 
transition matrix will sum to unity 



2 M., = 1. . (5) 

th 

In the case of perfect retention in the i_ occupational group from 
th 

time t-1 to t, the i_ diagonal element of M will be unity. 'Likewise, . 
conqplete^mgi>i li ty out of the 1; group would be indicated by a: null 
diagonal element. The magnitude of the diagonal elements of the trans- ^ 
ition matrix provide a ready index to tiie amount of cell-specific 
mobility, but they do not indicate the degree of inheritance for the 
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whole matrix, etlthough they are often used in this regard. A transition 
matrix which demonstrates a great deeil of mohility, liagoneil elements 
near null, may still he quite determinant. In sum, little information 
is pro^/ided hy the diagonal elements of the transition matrix for 
assessing the degree to which origin positions determine the destinations 
frr the occupational structure as a whole. 

One approach to investigating the question of inheritance is to 
correlate the two marginaJ. distributions of the transition matrix, 0^ 
and 0^ In tiii'3 regard, a canonical correlational analysis would seem 
advisable. The suggested procedure is to first define, two sets of binary 
variables: 



t-i 



th th 
1 If the i_ worker ,is in the ^ of* iL 

ocoupationaJ. groups in time t-1 (6) 
0 Otherwise 



^ 1 If the _i^^ worker is in the j^'^ c;... _ 

D , . = occupational groups in time t (7) 

0 Otherwise. 

th 

The first set of k binary variables defines the i_ . worker's 
occupational, membership in time t-1 , while the second defines the 

th 

position at the end of the transition interval, time t_. Since the i_ 
worker must be located in one of the k_ occupation€LL groups, by definition 
there are only k-1 linearly 
k k 

I d\ = S D^:^ = 1 ' (8) 

j=l"^ j=l."J 

t t— 1 2 

independent elements in the vectors D and D . Nov consider two 

J J 

unmeasured variables S_ and F, each of which is a weighted linear combin- 
ation of k-1 of the binary variables in each set: 



. F. =T- b.D,, (10) 

The purpose of canonicetl analysis is to choose the weights, a., 's and 

h 's, such that the product-moment correlation between variables and 

J 

is maximized. There is, however, no unique solution to this problem 
since it is possible to mtiltiply each of the chosen canonical weights 
by a nonzero constant and acquire a new set of scores which will also 
maximize the correlation (Van de Geer, 1971)- Interest here is, however, 
upon the canonical correlations ger^ se , and not on the canonical co- 
efficient so the problem presented above ii? of itnport at this 
Juncture.^ 

In canonical analysis it is possible to obtain as many orthogonal 
canonical solutions to equations (9) and (lO) as there are linearly 
independent variables in the smallest set being analyzed. In o\xr case, 
the number of independent binary variables is the same in each set, and 

is equal to the k~l occupational groups. It is possible, therefore, to 

h 

generate k-1 canonical variates and canonical correlations. In other 
words, there are k-1 possible solutions to equations (9) and (lO). 
This multiplicity of possible answers raises the question as to which 
solution is to be selected as being the corri3lation between vectors 0^ 
and 0^"^. The most commonly adopted tactic is to report the canonical 
correlation associated with the first canonical, variate as the correlation 
between the two sets of binary variables (cf. Klatzky and Hodge, 1971; 
Duncan-Jones, 1972). There are, however., fllternatives to this practice 
and these will be discussed next. 
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In a recent investigation Srikantan {lp^O) compared three measures 
suita'ble for assessing the amount of association "between two sets of 
"binary varial)les: (l) the mean square canonical correlation (MSCC); 
(2) the geometric mean canonicEil correlation (GMCC); and (3) the 
squared vector multiple correlation (STOC). To this list we may add 
a fourth: the maximum canonical correlation squared (MCCS). These 
four alternatives are defined as : 

MSCC =^ 



k-1 



SVIvIC = 1 I I I (1 - rp j (13) 



MCCS = Max{rp (ik) 
th 

where r^. is the j_ of the k-1 canonical cori-eJationR- Srikmi-hmi con- 
J 

eludes that the MSCC is to be prefered over the GMCC and SVMC on two 
grounds: (l) MSCC will "be unity if, and only if, the two sets of Linary 
variables are" completely independent; and (2) MSCC is directly related 
to Cramer's V thus it is possible to derive a sampling distribution 
and test statistic for MSCC. Although Srikantan did not entertain the 
fourth alternative, MCCS would seem to be a likely candidate. It lacks, 
however, efficiency by not fully exploiting all the available information 
concerning the relationship between the two sets of variables ; that is , 
MCCS ignores the remaining k-2 solutions to the canonical problem. 
Of the fovir alternatives presented above, the MSCC would appear to be 
the best choice of an index of association between the*vectors 0^ and 0^ 



r 



-8- 

MSCC can "be interpreted as the proportion of the variance in the 

distri'bution of the lal)or force at time t^ that is explained "by the 

distri'bution of the labor force at an earlier point in time, t~l . If 

during a given transition period there is perfect inheritance, the 

MSCC will he unity. If, however, the movement is essentially unpatterned, 

MSCC will he null. MSCC thus provides a clear indicator to the extent 

of inheritance in an occupational structure for a given time intervaQ.., 

Obviously, (l-MSCC) can be used as a measure of the arriount of randomness, 

or non-inheritance within the system between the two points in time. 

An Application ; Economic Diversif ication 
and Occupati onal Mobility 

\^ile space does not permi.t a full discussion of the relevant 
theoretical framework, let it suffice to indicate that there is a great 
deal of literature, both theoretical and empirical, relating economic 
change and occupational mobility. We will utilize the canonical approach 
advocated previously to investigate the effects of economic diversifica- 
tion upon short-term intra-gene'rational occupational movement- 

It is useful to vie^ occupationstl mobility within the context of 
a supply-demand model. The position taken here is that the economic 
diversification stimiilated by industrial development influences the demand 
aspect of the model and that hiobility is one process by which this 
demand may be satisfied. It hsis been noted that economic diversification 
results in a more segmentalized production system and differentiated 
occupational structure, which requires an increasingly specialized and 
skilled labor force. The diversification from an economy founded pri- 
marily on non-industrial activities to one based more on the factory 
results in the creation of occupational vacancies. One mechanism for 
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filling these vacancies is occupational mo'bility* We vill investigate one 

such case of economic diversification, and attempt to assejis the impact 

of development upon the occupational structure. 

In 1966 Jones-Laughlin Steel Corporation ( J&L) began construction 

on a highly automated production complex in Putnam County, Illinois. 

Putnam County is located about 100 miles west of the city of Chicago and, 

until the introduction of the J&L facility, it was primarily agricultural 

in nature. As of spring, 1972, J&L had a labor force of about- 1000 workers 

of theses about two-thirds held occupations that would he considered 

"blue collar". Soon after J&L announced their plans for-^the construction 

of the plant, a team of social scientists at the University of Illinois 

started an investigation of the impact of the J&L complex on the local 
5 

communities. An area-probability sanple survey of heads of households 
in the Putnam County eirea was conducted in I966. These respondents were 
re-interviewed the following year, and again four years later. In 1971 
a new area-probability survey was completed. Data from this second. 
cross-sectionaJL survey will be utilized in this analysis. The 1971 
survey of the developing regions yielded a total of II66 observations, 
but for this anstlysis certain subgroups inLll be excluded from the basic 
data set, -specifically, all females, all non-white males, and all males 
who have not been residing continuously in the study axea since 1965» 
These restrictions reduced the data set to 692 observations. 

Detailed yeeurly work histories covering the period I966 through 1971 
were obtained from each respondent. These histories, were coded originally 
into three-digit U.S. Census codes for occupations and industries. For 

7 

this analysis, these were recoded into seven major occupational groups. 
For each of the respondents, we have, then, a yearly history which locate?: 
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their position in the occMpationsil structiare vis-a-vis the seven 

occupational categories. ' These yearly histories were translated into six 

sets, of seven "binaiy varial)les each, according to the conventions set 

forth in equations (6) and (7). Each "binary varial)le indicates the head 

of household's iiieinl)ership in one of the occupational groups for each 

yoar, I966 through 1971. These sets of binary variables provide the 

g 

basic data input for the canonical analysis. The results of the 
investigation are presented next. 

Table 1 presents the I^ISCC vsilues for the inter-annual, and lagged, 
occupational transition matrices. The first coliomn of Table 1 gives the 
association between the inter-annusil, one-year lag matrices. There is an 



Table 1 About Here 

increasing correlation between the annual transitions from the I966-I967 
matrix to the 1969-1970 trai^xsition, although the difference in MSCC for 
the 1969-1970 and I968-I969 matrices is sufficiently small to be a 
function of sampling error. The largest increase in the degree of 
transition predictability occurred between the I966-I967 and 1967-1968 
matrices. "The I967-I968 transition is about 5^ more determinant than 
the I966-I967 matrix. This is interpreted as reflecting the impact of 
the opening of the J&L facility in I967. It would appear that the intro- 
duction of the plant increased the predictability of occupational 
transitions. 

Interestingly, the association in the 1970-1971 period is consider- 
ably less than the MSCC for the 1969-1970 transition. This would seem to 
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siiggest the occurence of some event during 1970 which resulted in a marked 
incresLse in unpatteraed occupaticnal\.movement between 1970 and 1971* 
At this point we are unable to reach . a satisfactory explanation of the 
. factors which could accoiint for the, decreased predictability in the 1970- 
1971 period. 

The first row iri the table gives the MSCC values between the I966 
occupations and each subsequent annual occupational distribution. One 
clear pattena emerges: starting with the I966-I967 transition, there is 
an approximate 755 decline in MSCC as the lag increases. Thus, the MSCC 
for the 1966-1968 transition is about 7% less than the MSCC for the I966- 
1967 period} likewise, the I966-I969 MSCC is about 1% less than the I966-68 
transition, and so forth. This indicates that the changes that have 
evolved in the I966 occupations occurred in a relatively stable fashion. 

The elements along the diagonal of Table 1 are the mean square 
canonical correlations between the 1971 occiipations and each prior 
annual distribution. There is a declining amount of association between 
the 1971 occupations and each oi the others. The greatest difference 
in MSCC occurs between the 1967-1971 MSCC and the 1966-1971 MSCC. There . 
is about 1^% more predictability in the 1967-1971 transition than in 
the 1966-1971 period. ' This reinforces the view that the major influence 
of the J&L complex took place diiring I967, the first year of production. 

In suinmary, the canonical analysis -ot-the occupational transition 
matrices revealed that the economic diversification, stimulated by the 
introduction of the steel mill, appears to have resulted in a substantial 
increase in the stability of occupational transitions from the opening ' 
of the plant in I967 through X910. Yet some xmidentified. factor, or factors, 
seems to have alieried this stabili-ty during the period 1970-1971. 

ERJC . 
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Summary 

We have outlined a procedure for determining the amount of predict- 
ability, or inheritance, in an occupational structure that avoids - 
trajislating the origin and destination positions into scale scores, 
thus altering the conceptual context from occupational mobility uO 
movement through a status hierarchy. The recommended technique involves 
receding the occupational positicr»f5 into two sets of binary variables, 
then obtaining the mean square canonical Congelation (MSCC) between the 
two sets. The MSCC provides a convenient measure to which the origin 
position determines the destination. MSCC will attain unity if there is 
complete inheritance in the occupational system, and will reach zero in . 
the absence of any predictability. 

Although we have framed this paper in terms of occupational mobnlity, 
thP! procedure is readily generalizable to mnny difrerenl types of jprdblems 
that are amenable to matrix formulation. 



*^See Roljinson, et aJL, (1969) for a detailed comparison of various 
occupational indices and scales, 

' '^'>e Suits (1957) and Meli char (1965) for a discussion of collinearity 

and "binary varial)les, 

3 ' 

See Hodge and Klatzky (l9Tl) for a discussion of this point, 
Klatzky and Hodge (1971) in their re-analysis of the Blau-Duncan OCG 
data do concentrate on interpreting the canonical coefficients, Duncan- 
Jones (1972) uses the canonical weights to scale occupational groups. 
h 

Only the first canonical variate vill generate the maximum product- 
moment correlation "between vectors 0^ and 0^ ^. 

^See SiAmmers, et al, (1969) for a discussion of the research design 
and description of the study area. 

The rationale for these exclusions is outlined in Beck (1972). 

The seven occupational categories were: (l) professional and 
technical workers; (2) farmers, farm managers, and farm la^borers ; 
(3) managers, officials, and proprietors; (h) clerical and sales 
workers; (5) craftsmen, foremen, and- operatives ; (6) private household 
workers, other service workers, and laborers; (7) those not active 
in the civilian labor force. 
8 

Because of the collinearity problem each set contained only six 
binary variables. For the purposes of this analysis, it is immaterial 
which binary variable is deleted. 
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MSCC Values for Occupational Transition Matrices 





T 


1967 


1968 


1969 


1970 


1971 



1966 


.823U 


.7527 


.6857 


.6171 


1967 


.8708 


.7918 


.7188 


.6697 


1968 


.892U 


.601k 


.7073 




1969 


,90k2 


.7736 






1970 


.3521 
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